Introduction
Insulin-like growth factor (IGF)-I is an important regulator of early development and a potent mitogen essential for normal postnatal growth in mammals. IGF-I exerts its growth-promoting action through endocrine, paracrine and autocrine mechanisms [26, 31] . In mammals, IGF-I is designed from a conserved region of IGFBP-3 for nested PCR (5' 6 TTDGGRATICKRAAICKICKNGGRTT 3', where D = A, G, or T; K = G or T). RT-PCR was 135 performed with a Veriti Thermal Cycler (Applied Biosystems) and components from Promega 136 (Madison, WI) . A cDNA for zebrafish IGFBP-3 was used as a positive control. PCR products 137 were cloned into the pGEM-T Easy Vector Systems (Promega) and positive clones were sequenced.
138
Two sets of gene specific primers were designed for 3'-RACE (Foward 1: 5' 139 AAACTCAACACCTTTCTGCTCCCCGCG 3'; Foward 2: 5' 140 GGAAGGCGGAGGTGGTGGACATCGGG 3') and for 5'-RACE (Reverse 1: 5' 141 ACCGTCTTGGTCGTCGTCACGGTGC 3'; Reverse 2: 5' GCACGGGGAGCAGAAAGGTGTTG 142 3'). Full-length cDNA was obtained by RACE as described above. obtained by RACE using gene-specific primers and their deduced amino acid sequences are shown sequence identity with human IGFBP-2 (Table 1) and were placed in the IGFBP-2 clade in the 181 phylogenetic analysis (Fig. 2) . Thus, they are co-orthologs of mammalian IGFBP-2 sharing 56% 182 sequence identity. Based on the degree of sequence identity with human counterparts, the 41-kDa
183
IGFBP was named IGFBP-2b (accession no. HM358881), and the other as IGFBP-2a (accession no.
184
HM358880). The 41-kDa IGFBP (IGFBP-2b) had three potential N-glycosylation sites, whereas 185 one site was found for IGFBP-2a ( Fig. 1 ). Both salmon IGFBP-2s have the Arg-Gly-Asp (RGD)
186
integrin recognition site ( Fig. 1 ).
187
We next sought to clone cDNA for salmon IGFBP-3 from the liver based on the 188 conserved IGFBP-3 sequences among different species. Our first attempt was unsuccessful;
189
RT-PCR amplified IGFBP-5 (accession no. HM536184) but not IGFBP-3, probably due to the low 190 expression of IGFBP-3. We then used a cDNA template from the heart and designed a new 191 degenerate primer for nested PCR. After a second-round of PCR, a partial cDNA for IGFBP-3 192 was amplified and a full-length cDNA was obtained by 5'-and 3'-RACE ( Fig. 1) . A cloned cDNA 8 motifs typical for mammalian IGFBP-3 such as the basic C-terminal region for ALS and heparin 195 binding, two N-glycosylation sites and possible nuclear localization signal ( Fig. 1 ). Its identity as 196 salmon IGFBP-3 was also confirmed by its position in the phylogenetic tree ( Fig. 2 ).
197
Salmon IGFBP-2a and IGFBP-2b (41-kDa IGFBP) were highly expressed in the liver 198 and also detected in other tissues (Fig. 3 ). Although IGFBP-3 was expressed in a variety of tissues,
199
it was visible only after a second-round of PCR. The liver showed little or no expression of 200 IGFBP-3 ( Fig. 3 ).
201
During the cloning of salmon IGFBP-2s, we found PCR products that differed in size 202 ( Fig. 4 ). Smaller products are most likely alternative splicing forms that retain N-and C-termini 203 but lack part of the mid region ( Fig. 5 ). However, splicing sites were different between 
209
The mammalian IGF system consists of two ligands (IGF-I and IGF-II), two receptors (type I and 210 type II) and six IGFBPs (IGFBP-1-6). All of the components appear to be conserved among 211 vertebrates including teleosts [25, 36, 45] . The 40-50 kDa IGFBP that is visible on Western ligand 212 blots of fish plasma has been assumed to be IGFBP-3 based on its size and response to GH and 10 possesses a short-form that lacks part of putative exon 1 and 2. These forms are detected mainly 255 in the liver, and expression of the short forms was much lower than that of the non-spliced forms.
256
The biological significance of the splicing variants is not known and awaits future study.
257
Given that salmon 41 kDa IGFBP is IGFBP-2b, a question has been whether IGFBP-3 258 exists in salmon. Despite searching 350,000 ESTs in the rainbow trout and Atlantic salmon 259 databases, the sequence of IGFBP-3 could not be found [22, 37] . One hypothesis was that salmon 
301
It needs to be clarified whether the apparent lack of the ternary complex is restricted to certain fish 302 species or it holds for all teleosts.
303
Our findings may imply that IGFBP-2 was the ancestral major IGF carrier in vertebrates.
304
Six IGFBPs are thought to be derived from a single ancestral IGFBP through three to five gene 305 duplication events [1, 11, 36, 37] . One hypothesis is that IGFBP-2 and -5 diverged earliest followed 306 by the appearance of IGFBP-1 and -3 [11] . If this is true, in the mammalian linage IGFBP-3 might 12 duplicated IGFBPs.
315
In conclusion, we demonstrate that the most abundant IGFBP in Chinook salmon serum 316 is not a salmonid ortholog of IGFBP-3, but rather a co-ortholog of IGFBP-2, which we have termed 317 IGFBP-2b. A second co-ortholog, termed IGFBP-2a could also be identified. 
